Sulfate-reducers in sewage digestor fluids were enumerated by the anaerobic roll tube method. To discriminate them from other bacteria, two media, one of which contained 10% of the supernatant of autoclaved sewage digestor fluid and the other did not, were used. Enumeration of sulfate-reducers was easily carried out with these media by counting black colonies and isolation could also be performed by picking up the colonies without any particular attention. The addition of the sewage digestor fluid to the medium markedly increased the count of sulfate-reducers in the digestor fluid. They were proved to grow well in a richer medium, VLS-lactate agar, which contained Trypticase, yeast extract, 40,, of the sewage digestor fluid, and so on. On the contrary, for sulfate-reducers in other environments such as polluted streams, the addition of sewage digestor fluid showed no effect.
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For enumeration and isolation of anaerobic bacteria in sewage digestor fluids by the anaerobic roll tube method (1) , VLS agar combined with mixed gas phase (9500 N2 and 5;~ C02) gave good results (2) . Furthermore, addition of lactate to this medium generally increased the viable counts, especially resulting in large increase in the percentage of sulfate-reducers in the isolates (3). Conversion of lactic acid to acetic acid by sulfate-reducers was thought to be an important process for fermentation in the digestor fluids. Little work, however, has been carried out from this point of view.
It was not difficult to isolate sulfate-reducers in the digestor fluid with UExi, MINATO, AZUMA, and SUTO VOL. 26 VLS-lactate agar by the anaerobic roll tube method (3), but their discrimination from other bacteria was impossible only by observing colonies on the agar of roll tubes. Thus, to know the viable counts of them, it was necessary to determine their percentages after many colonies were once isolated from the medium. It was a very time-consuming procedure. Sulfate-reducers have been selectively enumerated mainly by the most probable number (MPN) technique. Establishment of easy and certain method for selective enumeration and their isolation falls behind when compared with the well-established cultural method for other strictly anaerobic bacteria in the ecosystems such as the rumen and intestines. TOERIEN et al. (4) employed the anaerobic roll tube method to enumerate and isolate sulfate-reducers in a sewage digestor fluid and concluded that they were not usually a major group in the anaerobic digestor. This conclusion is incompatible with that of our previous report (3) . HOWARD and HUNGATE (5) succeeded in isolating Desulfovibrio species, non-sporulating sulfate-reducing bacteria, from the sheep rumen by the anaerobic roll tube method. They did not, however, refer to the detailed results of enumeration. Thus, application of the anaerobic roll tube method for sulfate-reducers and investigation on the culture condition for them by this method are not so many. The roll tube method has an advantage of keeping good anaerobiosis for growth of strict anaerobes in the rumen and other ecosystems. Further, it is possible to maintain good anaerobic condition throughout the entire procedure even after the isolation.
This paper describes the investigation on a suitable medium for the discrimination of sulfate-reducers from other bacteria by the anaerobic roll tube method and determination of their number in digestor fluids for understanding their role in this ecosystem. The enumeration in other environments is also attempted for a comparative purpose.
MATERIALS AND METHODS
Anaerobic digestors and sampling procedures. Three digestors (A, C, and D) were used for sampling the fluid. Both (A) and (C) digestors, which had also been used in our previous examinations (2, 3) , are composed of 4 fermentors (F-I, F-II, F-III, and F-IV) and a reservoir (R) for (A) digestor, while (D) digestor is composed of only one fermentor. Sampling procedure of digestor fluid and other natural samples was basically the same as described previously (2) Media and method for enumeration of sulfate-reducers. Two media were modified from Medium C of BUTLIN et al. (6) and used for the selective enumeration of sulfate-reducers. Medium (S-) contained (per liter); K2HP04, 0.5 g; NH4Cl, 1 g; Na2S04, 1 g; CaCl2.2H2O, 0.1 g; MgSO4.7H2O, 2 g; sodium lactate, 3.5 g; yeast extract (Difco), 1 g; FeSO4 7H20, 0.2 g; resazurin (0.1 % solution), 1 ml; Na2CO3, 0.2 g; sodium thioglycolate, 0.1 g; ascorbic acid, 0.1 g; agar, 15 g; pH 7.2-7.4. The composition of Medium (S+) was identical to that of Medium (S-) except that the supernatant of autoclaved sewage digestor fluid (2) was supplemented (100 mI/l). A modified Medium (S+) was already used as S-R medium for the analysis of cellular fatty acid of sulfate-reducers (7). Enumeration of sulfate-reducers was carried out basically following the modified (8) anaerobic roll tube method as described previously (2) . After oxygenfree mixed gas (95 % N2 and 5 % C02) was bubbled into the vessel containing the medium until the pink color of resazurin disappeared, the medium was dispensed into tubes under the stream of oxygen-free gas, and the tubes were closed with butyl rubber stoppers. Even if the pink color of resazurin slightly remained at this time, it disappeared after autoclaving (15 min at 121°) and the medium was sufficiently fit for use. Further, if the medium became slightly dark after autoclaving, there was no disadvantage for the enumeration procedure of sulfate-reducers.
VLS-lactate agar (3), which contained lactate in addition to Trypticase, yeast extract, sugars, the supernatant of sewage digestor fluids (2), reducing agents, and salts, was used for the non-selective colony count of anaerobic bacteria. Samples which were diluted with the anaerobic dilution solution (9) by the one-tenth dilution technique were used for the enumeration by all the media. Temperature of cultivation for all the natural samples was 30°.
Enumeration of pure-cultured strains. All of the strains were maintained on the slants of Medium (S+), in which FeSO4.7H2O was reduced to 4 mg/l. After the cells were grown in the liquid Medium (S+), the cultures were diluted in the same manner as natural samples and enumerated on the three media by the anaerobic roll tube method. Temperature of cultivation was 30° unless otherwise stated. Isolates from the digestor fluid were purified by the roll tube technique until the absence of contaminants was confirmed by observing colonies on the roll tube agar and by microscopical morphology. Characteristics of the isolates will be described elsewhere. Purity of all the strains used was periodically checked by microscopy.
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RESULTS
Enumeration of ' sulfate-reducers in pure cultures To know whether Medium (S-) and Medium (S+) were able to be adopted for the enumeration of sulfate-reducers in natural samples by the anaerobic roll tube method, the enumeration of named strains of sulfate-reducers in pure cultures was carried out with these media in the first place. Further, examination was also made to see whether VLS-lactate agar can be used for their enumeration. Figure 1 shows colonies of a type strain (D. desulfuricans NCIB 8307) on the roll tube agar of Medium (S-) and VLS-lactate agar. Black colonies were formed on the surface of the agar of Medium (S-) and Medium (S+) after 2 or 3 days of cultivation and their number reached a maximum after 4-5 days of cultivation. No difference was observed in the appearance of colonies between Medium (S-) and Medium (S+). Enumeration was easily carried out by counting the black colonies and the bacteria could be picked up from the well-isolated colonies formed by opening rubber stoppers. White colonies of other bacteria are also present on the agar. The wire around the tube was used only for taking the photograph. Comparison of the counts obtained with the three media is presented in Table 1 . Recoveries of Desulfovibrio species, except D. salexigens, by Medium (S-) and Medium (S±) were almost the same. On the other hand, each recovery of the 5 strains, except D. vulgaris (strain Miyazaki), by VLS-lactate agar was far less than that by Medium (S+). Recoveries by Medium (S-) of Desulfotomaculum species, except D. orientis, were higher than those by Medium (S+).
The result of the same experiment with the isolates from digestor fluids is presented in Table 2 . Remarkably different result from that of named strains was obtained. Each recovery of all the 5 strains by Medium (S+) was higher than that by Medium (S-) and, in particular, that of T 206, 1111, and M 2236 increased to more than 100-fold higher. Furthermore, contrary to the result with the named strains, recovery by VLS-lactate agar of each strain corresponded to that by Medium (S+) or more than 40% increase for two strains (T 206 and M 2236). Thus, different response to the three media was observed among the strains examined, but it was shown that sulfate-reducers could be enumerated by the anaerobic roll tube method using Medium (S-) or Medium (S-E ).
Enumeration of sulfate-reducers in digestor fluid Figure 2 shows black colonies appearing on the agar of Medium (S+) together with white colonies after 2 or 3 days of cultivation, when sulfate-reducers in (C) digestor fluid were enumerated. Black colonies on the agar of Medium (S-) was usually formed later than on Medium (S+). If appropriate tubes were selected, in which well-isolated black colonies were formed, they could be easily isolated. Whole agar of the tubes often became dark after several days of cultivation, but black colonies could be discriminated by exposing the tubes to light. One hundred black colonies were randomly picked up on slide glasses and Gram-stain reaction and their morphology were examined microscopically. Gram-negative curved rods, which agreed with the characteristics of sulfatereducers, could be recognized in all of them, although in some colonies other morphologically different bacteria were mixed. Similar results were obtained from other natural samples in this respect. By the microscopic observation, it was shown that various sulfate-reducers differing in size, rather large or relatively small and thin, and in morphology, only slightly curved, normally curved, or forming almost complete circles, were present in digestor fluids. Presence of sporulating sulfate-reducers could not be confirmed in any of digestor fluids. Greyish colonies, which could be clearly distinguished from the black colonies, sometimes appeared on the agar, but their microscopic characteristics did not coincide with those of sulfate-reducers. From these results, it was concluded that sulfate-reducers could be selectively enumerated by the counting of black colonies. No evidence was obtained that the addition of the supernatant of digestor fluid to the medium complicated the enumeration of sulfatereducers. Sulfate-reducers in (C) digestor fluid were enumerated twice at an interval of 2 months (Table 3) . Colony counts showed increase usually more than 100-fold by the addition of the supernatant of digestor fluid to the medium in both experiments. As shown in Table 4 , similar effect of the addition of the supernatant of digestor fluid to the medium was observed in (A) and (D) digestor fluids, although the rate of increase was less than that in (C) digestor fluids. Table 3 . Enumeration of sulfate-reducers in (C) digestor fluids. Enumeration of sulfate-reducers in other natural samples To ascertain whether the supernatant of digestor fluid would affect in a similar manner the counts of sulfate-reducers in other ecosystems, enumeration in other natural samples was attempted.
The results are given in Table 5 . The range of the counts obtained was very broad, but the counts in all the samples with Medium (S-) and Medium (S+) were commonly almost identical. Piggery waste poured into some of these environments and rather high counts comparable to those of the digestor fluids were obtained from some of them, while the addition of supernatant of digestor fluid did not show any effect on the growth of sulfate-reducers present in these environments.
Comparison of the counts o f sulfate-reducers obtained with VLS-lact ate agar with those of Medium (S-) and Medium (S+)
Colonies on VLS-lactate agar were isolated from several samples used for the enumeration mentioned above. All of the isolates were examined for their morphology, Gram-stain reaction, and aerotolerance according to the procedures described previously (2) . Then hydrogen sulfide production of all of strictly anaerobic, Gram-negative rods or curved rods was examined by inoculating them to semi-solid Medium (S+). The strains which grew and produced hydrogen sulfide in this medium and whose morphological characteristics agreed with those of sulfate-reducers were tentatively identified as sulfatereducers.
Comparison of the counts of sulfate-reducers obtained with the three media is shown in Table 6 . As already described, much higher counts were obtained with Medium (S+) than with Medium (S-) as for digestor fluides. The counts calculated based on their percentage in the isolates with VLS-lactate agar were still higher than those with Medium (S+). The counts obtained with VLS-lactate agar were about 1.5-to 4-fold higher than those with Medium (S+) in all the digestor fluids. In contrast, in other three samples (mud and drains), sulfate-reducers were not detected in the isolates with VLS-lactate agar or their percentage in the isolates was very low, even if the count with Medium (S-) or Medium (S+) was relatively high compared with the non-selective viable count with VLS-lactate agar (drain A). Thus, VLS-lactate agar seemed to be not suitable for the growth of sulfate-reducers in these environments. All of the isolates with VLS-lactate agar from the fluid of the two drains were aerotolerant.
DISCUSSION
For sulfate-reducers, anaerobic condition is usually achieved by growing cultures in vessels in which the air is replaced by an oxgen-free gas or which contains chemicals absorbing oxgen, in evacuated vessels, or in airtight vessels completely filled with liquid or agar media (10) . To isolate sulfate-reducers by these methods, purification procedure by the liquid or agar medium must be carried out repeatedly. However, these procedures seem to be "very tedious and the main requirement is patience" (10) .
Concerning the preparation of anaerobiosis, the anaerobic roll tube method has been proved to be better in the cultivation of strict anaerobes in ecosystems such as the rumen and intestines. This method can be used for both purpose of enumeration and isolation at the same time. Purification must be performed by repeating the roll tube technique, of course, but well-isolated colonies are easy to be obtained on the agar and they can be isolated without any particular attention. In our previous report (3), we already stated that sulfate-reducers in digestor fluids could be isolated by the anaerobic roll tube method using VLS-lactate agar. The isolates have been well maintained in the same medium.
In the present study we further tried to devise a suitable medium to discriminate sulfate-reducers from others by this method. The effect of addition of the supernatant of sewage digestor fluid to the medium was examined since the addition to the non-selective medium (VLS agar) resulted in increase in colony counts (2) . The anaerobic roll tube method with media for sulfate-reducers was succesfully used for their enumeration and isolation. The bacteria were selectively enumerated by counting black colonies and the isolation was also easily carried out by picking up well-isolated colonies.
The result of the recovery of sulfate-reducers in the media agreed well with the fact that the isolates from digestor fluids and D. vulgaris (strain Miyazaki) could be maintained and transferred on VLS-lactate agar, but the other named strains were easily lost during transfers. Although it is conceivable that bacterial property varies during transfers, it is considered that there exist at least two types of sulfate-reducers, that is, the one whose growth was stimulated by the addition of digestor fluid or the enrichment of the medium and the other whose growth was suppressed or not stimulated. This was further confirmed by the enumeration of sulfate-reducers in digestor fluids and other natural environments. For the enumeration of digestor fluids (A, C, and D), addition of the supernatant of digestor fluid markedly increased the counts and the counts were commonly near the highest ones which were obtained based on the percentages of sulfate-reducers in the isolates from VLS-lactate agar. Since the recoveries in pure culture of the isolates from (B) digestor (1111 and 1127) were also improved by the supplement with the supernatant of digestor fluid, the growth of sulfate-reducers originating from the digestor fluids was regarded to be generally stimulated by the supernatant of digestor fluid. In contrast, sulfate-reducers in other environments, which were thought to be poorer habitats than digestors, did not demand such a supplement and their growth was rather suppressed in the richer medium, VLS-lactate agar. This agreed with the property of named strains as indicated by the experiment with the pure cultures. VLS-lactate agar, however, contains Trypticase, yeast extract, and the supernatant of digestor fluid in rather high concentrations, and moreover the concentration of sulfate ion is different from those in Medium (S-) and Medium (S+). Thus, we cannot determine what mainly affects the suppression of their growth in this medium.
In streams or drains, even though they are rather eutrophic, products of microbes or other low-molecular compounds may usually flow out and are diluted, because the water usually moves. These environments may be different for microbes in the nutritional aspect from digestors, in which such dilution does not occur. It is well known that growth of many rumen bacteria is enhanced by the rumen fluid (11) . It is possible that growth of bacteria in digestor fluids including sulfate-reducers is enhanced by compounds in digestor fluids in a similar way. It is of interest that nutritional requirement of even the same kind of bacteria differs according to their habitat. It remains unsolved whether the requirement is fastidious or facultative, and whether the property of nutritional requirement gradually changes during transfers or not.
The result described above also suggests that different media must be used according to the samples to be examined even for the enumeration of just the same kind of bacteria. For the enumeration and isolation of sulfate-reducers in ecosystems other than digestor fluids, Medium (S-) by the anaerobic roll tube method is very useful. For the it enumeration in digestor fluids, Medium (S+) was much better than Medium (S-), but the counts obtained even with this medium were lower than those obtained with VLS-lactate agar. Improvement on the discriminative medium for sulfate-reducers in digestor fluids is still necessary. Conversely, for the non-selective counts in digestor fluids including sulfate-reducers, VLS-lactate agar may be useful as already described in our previous report (3) .
We believe that sulfate-reducers play an important role in the fermentation process of sewage digestion as they are generally found in high frequency.
